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Abstract  
The realization of complete anode supported cells reproducing the IDEAL-Cell concept was 
approached by standard and inexpensive ceramic processes like tape casting, screen printing and 
wet powder spraying. 
Both commercial and custom powders were employed to build-up layers for button cells (1 inch 
footprint) and larger (5×5 cm
2
) substrates. 
This paper reports the details of the slurries formulation as well as the deposition parameters and 
sintering conditions. 
Resulting microstructural features are also presented together with an outlook on future steps of 
the activity. 
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1. INTRODUCTION  
The IDEAL-Cell design has been proposed within the framework of solid oxide 
fuel cell technology, for intermediate temperature operation. In the original 
concept an IDEAL-Cell is composed by a series of five layers with different 
composition, alternating two dense electrolytes and three porous electrodes, the 
outer electrodes and a central membrane: its working principle is described in 
detail in ref [1]. 
Such a structure imposes a series of constraints, which have to be addressed by the 
selection and application of appropriate shaping technologies. On the basis of 
several intermediate experimentations and in view of up-scaling, the anode 
supported configuration has been selected as the most suited for fabrication of 
sintered IDEAL-Cells. Standard ceramic shaping techniques, like tape casting 
(TC), screen printing (SP) and wet powder spraying (WPS) were also identified as 
most promising. The advantages of such technologies are represented mainly by 
their demonstrated feasibility and transferability to industrial scale. 
In this paper, the results of the ongoing research about sintered IDEAL-Cells 
fabrication are reported. 
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2. OBJECTIVE 
The schematic of the target cell is given in Fig.1. 
 
 
Fig.1 Sequence of five layers composing the sintered IDEAL-Cell. 
In such an assembly, the fabrication goes sequentially from the supporting anode 
towards the cathode, with at least three sintering steps. The lateral size of cathode 
and central membrane (CM) is reduced with respect to supporting electrolytes in 
order to allow sealing of the three chambers. The thickness of each layer is 
optimized on the basis of modeling and electrochemical testing of previous cells 
fabricated by other techniques (e.g. spark plasma sintering, cold and hot pressing) 
[2]. 
3. RESULTS AND DISCUSSION 
The target composition for each layer is given in Table 1. 
Table 1 Composition of cell layers after sintering in air.  
For composites, the volume ratio is given in parentheses. 
 
Layer Composition 
1. Anode BaCe0.85Y0.15O2.925-NiO (1:2) 
2. Electrolyte BaCe0.85Y0.15O2.925 
3. CM BaCe0.85Y0.15O2.925- Ce0.85Y0.15O1.925 (1:1) 
4. Electrolyte Ce0.85Y0.15O1.925 
5 Cathode La0.6Sr0.4Co0.2Fe0.8O3-  
Powders for cells fabrication was supplied by Marion Technologies (Verniolle, 
France). In particular, BaCe0.85Y0.15O2.925 (BCY) and Ce0.85Y0.15O1.925 (YDC) 
powders were of submicrometric size, with average particle size in the 50 nm 
range. 
3.1. Tape cast supporting anodes 
1. Anode, 300 m, TC 
2. Electrolyte, 20 m, WPS 
4. Electrolyte, 20 m, WPS 
3. CM, 100 m, SP 
5. Cathode, 30 m, SP 
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The tape casting slurries were prepared by adding to the starting ceramic powders 
(NiO/BCY = 67.1/32.9 vol.%) the desired amounts of solvent, deflocculant, 
binder and plasticizers. Carbon Black (CB, N99, Thermax-Cancarb), with average 
particle size of 1 µm and specific surface area of 10.0 m
2
/g, was used as sacrificial 
pore-forming agent. The ball milled suspension was deaerated under vacuum and 
cast on a moving Mylar carrier (v = 6 mm/s) and dried in saturated atmosphere. 
The optimization of the tape-casting slurry formulation leads to the successful 
production of 750±50 µm-thick NiO-BCY green tapes. The optimized green tape 
formulation is reported in Table 2. 
Table 2 NiO-BCY green tape formulation. 
 
Materials vol% green 
BCY (MT, batch 7) 11.47 
NiO (MT, batch 1) 23.45 
Carbon Black 13.12 
Deflocculant 1.73 
Solvent ---- 
Binder 28.96 
Plasticizers 21.27 
The green tapes were punched into discs of 26 mm diameter or manually cut into 
7.5×7.5 cm samples, debinded at 600 °C and sintered at temperatures ranging 
between 1100-1400 °C and dwelling time of 4-5 h. 
The sintering conditions were optimized to obtain sintered NiO-BCY with 
suitable porosity and at the same time, appropriate mechanical strength. Three 
sintering temperatures were evaluated: 
• 1100°C × 5h; 
• 1350°C × 4h; 
• 1400°C × 4h. 
 
Figure 2 shows the NiO-BCY supports sintered at different temperatures. Crack-
free and flat samples were produced regardless the final sintering temperatures. 
This means that both the green tape formulation and the thermal cycles were 
properly chosen. 
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1100°C x 5h 1400°C x 4h 
 
Fig.2. NiO-BCY tapes sintered at the lowest (1100°C) and highest (1400°C) temperature. 
The porosity of the samples sintered at different temperatures was evaluated by 
mercury intrusion technique (Pascal 140-240, Thermo Finnigan). The 
porosimetric results are summarized in Table 3. 
 
 
 
 
Table 3 Porosimetric data of NiO-BCY tapes sintered at different conditions. 
 
Sintering Porosity (%) Mean pore size (µm) 
1100°C × 5h Too brittle to be measured 
1350°C × 4h 24.8 0.98 
1400°C × 4h 18.3 0.80 
 
The samples sintered at 1100°C × 5h were very brittle. The poor mechanical 
stability did not allow to measure their thickness and porosity. On the other hand 
1400°C × 4h were too aggressive sintering conditions that led to a porosity level 
unsuitable for electrode application. 1350°C × 4h was considered the best 
compromise in terms of porosity level and mechanical stability. 
These data were confirmed by SEM analysis. The fracture surfaces of the NiO-
BCY tapes sintered at different conditions (Figure 3) show that at 1100°C the 
powders are scarcely densified: sintering necks are in fact not visible. On the 
contrary, sintering at 1400°C leads to samples with a lower porosity. The NiO-
BCY samples sintered at 1350°C × 4h show homogeneous microstructure with 
well distributed pores. 
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Fig.3. Fracture surfaces micrographs showing the influence of the sintering conditions  
onto the densification behavior of NiO-BCY samples. 
 
SEM micrographs and EDS analyses performed on the upper surfaces of the 
sintered anodes are reported in Figure 4. The surface of the sample sintered at 
1100°C has a microstructure similar to the one shown by the fracture. On the 
other hand the surface of the sample sintered at 1400°C seems to show higher 
porosity level than the one sintered at 1350°C. This can be explained by the fact 
that, as shown by the EDS spectrum, after sintering at 1400°C the upper surface of 
the samples suffers from barium evaporation: this causes, besides a stoichiometric 
deficiency, an increase in porosity. EDS spectra performed on the upper surfaces 
actually show an increase in barium loss from the surface with the increase of the 
sintering temperatures. The Ba/Ce ratio measured along the fracture thickness of 
each sample sintered at different temperatures are reported in Table 4. From these 
results, 1350°C × 4h are the best sintering conditions to obtained anodes with a 
suitable porosity, limiting at the same time the barium loss.  
 
 
 
Fig.4. Influence of the sintering conditions onto the upper surfaces of sintered NiO-BCY samples: 
SEM micrographs and EDS analysis. 
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Table 4. Ba/Ce ratio determined on the fractured surfaces of samples  
sintered at different temperatures. The theoretical Ba/Ce value is equal to 54/46%. 
 
Sintering Analysis area Ba/Ce % 
1100°C x 5h 
Upper surface 
54/46 Centre 
Bottom surface 
1350°C x 4h 
Upper surface 34/66 
Centre 54/46 
Bottom surface 54/46 
1400°C x 4h 
Upper surface 0/100 
Centre 54/46 
Bottom surface 26/74 
3.2 BCY electrolyte by WPS 
A manual type WPS equipment was employed, with atomization of a liquid 
suspension accomplished by means of pressurized air. Suspensions were prepared 
by through mixing in high-energy planetary mill (zirconia jars and balls) of the 
powder with additives and solvent. Optimized formulation of the suspension is 
given in Table 5. 
Depositions were carried out at room temperature on tape cast anodic substrates 
prepared as described above and pre-sintered at 1100 °C × 5 h or 1200 °C × 2 h. 
 
Table 5 Suspension formulation for the deposition of BCY powders by WPS. 
 
Materials mass (g) 
BCY (MT, batch 7) 6.0 
Ethanol 71 
PEI 0.66 
PVA 0.08 
PEG400 0.12 
For comparison, some depositions were also performed on cold pressed substrates 
pre-sintered at 1200 °C × 2 h. After deposition the bi-layers were placed between 
zirconia-coated alumina sheets (Keralpor_99Z, Kerafol, Germany) for sintering. 
Firing was carried out in air  at 1300 - 1400 °C × 5h. Heating and cooling rates 
were of the order of 1 °C/min.  
The morphology of two samples sintered at 1300-1400 °C × 5 h is shown in 
Figure 5. The adhesion is satisfactory in both cases, but also some defects are 
present. Residual porosity is visible in the electrolyte sintered at 1300 °C (Figure 
5, left), while cracks are formed in the layer fired at 1400 °C.  
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Fig.5. SEM images of BCY layers deposited by WPS on cold pressed (left, fracture)  
and tape cast (right, polished) anodic substrates. 
Improvements are expected by the application of a functional anode layer on top 
of tape cast supports, with lower porosity and therefore less rugosity and reduced 
shrinkage during firing 
3.3. Screen printed central membrane 
This part of the work presents some preliminary results on the production of the 
central membrane via screen printing. 
Two CM inks, with different solid loading, were formulated keeping the 
BCY/YDC ratio equal to 50/50 vol %. BCY and YDC powders were mixed with a 
proper amount of solvent, deflocculant, binder, and plasticizer to obtain a stable 
and homogeneous ink. The ink was initially prepared via ball milling and then 
transferred into a three-roller grinding mill equipped with zirconia rollers of 
nanometric finish to improve homogeneity. The optimized CM ink formulations 
are reported in Table 6. 
Table 6 CM ink formulations. 
 
 
Materials 
INK-1 
vol (%) 
INK-2 
vol (%) 
BCY 6.0 12.8 
YDC 6.0 12.8 
Solvent 70.7 50.9 
Deflocculant 1.5 3.1 
Binder 6.7 7.4 
Plasticizer 9.1 13.0 
 
Screen printing tests were performed onto BCY pellets produced by uniaxially 
pressing the powder at 70 bar and subsequent sintering at 1300°C for 4h. 
The screen printing parameters (squeegee speed and pressure, snap off, printing 
set-up) were adjusted in order to obtained homogenous CM films. Moreover 
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multiple CM depositions (from 1 up to 5) were performed to maximize the film 
thickness. The samples were finally thermally treated at 1300°C for 4h and 
morphologically characterized. 
Figure 6 and 7 show respectively the fracture and the film surface of the sample 
obtained by screen printing the ink-2 onto BCY pellet with two subsequent 
depositions. A 30 µm thick, homogeneous porous film was successfully produced 
tailoring the process conditions. 
The same result was achieved using the ink-1, but at least five subsequent 
depositions were needed to reach the same film thickness. A lower solid content 
of an ink in fact limits the production of screen printed films with high thickness. 
Further work will be done to investigate the possibility of increasing the CM 
thickness increasing the number of ink-2 depositions. 
 
 
Fig.6. SEM micrograph of the fracture surface of the CM (ink-2)  
applied onto BCY pellet and sintered at 1300°C × 4h. 
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Fig.7. SEM micrograph of the CM (ink-2) surface  
applied onto BCY pellet and sintered at 1300°C × 4h. 
3.4. YDC electrolyte by WPS 
Similarly to the case of BCY electrolytes, suspensions for WPS were also 
prepared with YDC powder (MT, batch 4). As test substrates, pellets having the 
same composition as for the CM were prepared by cold pressing, and pre-sintered 
at 1100 °C. 
 
Fig.8. SEM image (polished) of YDC layer deposited by WPS  
on CM pellet and sintered at 1300°C × 2h. 
The YDC suspension was sprayed on the surface, dried, and the bi-layer sintered 
at 1300°C for 2h. The resulting microstructure is shown in Figure 8. Although the 
YDC layer is not fully densified, these preliminary results are encouraging, 
because the electrode shows a good adhesion on the substrate, and is free of 
cracks.  
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3. CONCLUSIONS 
The fabrication of complete IDEAL-Cell by standard ceramic shaping techniques 
like TC, SP and WPS is being carried out. The deposition of single layers was 
successful in most cases, but different problems arising from the their 
combination have still to be overcome, as for the mechanical brittleness of the 
supporting anodes and the reduction of sintering temperature in order to avoid 
barium losses. 
Improvements are expected by the adaptation of SP parameters to the mechanical 
resistance of substrates and from the addition of sintering additives to YDC, in 
order to reduce below 1200°C the last firing step of the complete cell. 
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